There are various diseases affecting bones and j oints which can be treated by excising the affected part and replacing the deficiency by a prosthesis. Some of these conditions occur early in life and therefore the prosthesis may have to function for many years. The Stanmore total hip replacement (Fig 1) is part of a standard limb skeletal replacement system and was designed primarily to replace the acetabulum and femoral head. It can, however, be used as part of major prostheses such as the replacement for the acetabulum, femur and knee-joint made for a patient who had an osteoclastoma of the femur (Fig 2) .
Since 1894 there have been five phases in prosthetic arthroplasty of the hip: (1) Metal foils covering the femoral head. (2) The metallic floating joint interposition of Smith-Petersen.
(3) The fixed metal and plastic femoral heads of Harman, Judet, Moore, Thompson, Eicher and others. (4) The 
Section ofOrthopwedics
Many who discuss the forces acting on the hipjoint pay too little attention to the upward and medially acting adductor group and the medially acting rotators. When a femoral prosthesis wears, the worn area crosses the lateral part of the superior, anterior and posterior quadrants of the head, the pattern being similar to that seen on the osteoarthritic femoral head, which suggests a lack of centralization of the femoral head under load. Assuming that the femoral shaft is tending to move in such a direction that the superior surface of, the acetabulum is taking the major part of the load, it is essential for stability, and to ensure an adequate bearing area, that the acetabular replacement is so positioned that a sufficient area of the femoral head is covered. The outlet of the cup should therefore be inclined at approximately 40 degrees to the horizontal (Fig 3) . result in loosening of the cup. After a number of experiments with plain and threaded nails, each having a variety of points, a plain chisel-pointed nail was found to be the only type which would enter the bone satisfactorily. To insert the nails it was necessary to devise a pneumatic power tool which had to withstand autoclaving. A pneumatic hammer was developed for this purpose by Mr G Wood of the General Electric Company, Stanmore. In using this method of fixation, it is essential that the nails cannot back out and interfere with joint movement. This is achieved by the use of an inner bearingcup which is inserted into the outer cup and positively locked in position. Although the locking arrangement is positive, it is possible to remove the inner cup with a specially designed instrument. So far the nail system of fixation has proved adequate. We are not convinced that the use of acrylic cement alone to anchor the cup in the acetabulum will provide a permanent fixation. Acrylic resins are subject to polymer degradation, the time for 14C to appear in the urine being about fifty-four weeks (Oppenheimer et al. 1955) .
A concave horseshoe bearing surface on the cup has been adopted for several reasons, the primary being that the relieved portion permits ingress of fluid to the inner bearing edges and provides an exit for any particles produced by wear.
Right and left femoral prostheses have been developed. In the coronal plane the head is off-set at 8 degrees to the axis of the lower part of the femoral stem (Fig 4) . A similar feature was at one time incorporated in one design of the F R Thompson femoral prosthesis. This modification simplifies the insertion of the femoral prosthesis into the marrow cavity. After preliminary investigations we came to the conclusion that the acetabulum should be replaced by a double cup arrangement. Various methods of anchoring the outer cup in the acetabulum were studied. Eventually the most suitable method seemed to be by the insertion of nails into the bony pelvis normal to the surface of the cup. The nails would thus be divergent and securely lock the device in position. Later one of us (I D-B) pointed out that three nails at approximately 120 degrees to each other, inserted into the pubis, ilium and ischium, were all that was required and that additional nails might well Special equipment has been designed and manufactured whereby the spherical forms of the femoral head and weight-bearing surface of the cup can be machined and ground to the desired surface finish. It is now generally agreed that for bearings polished surfaces are less satisfactory than ground ones.
The femoral prosthesis is fixed in the femur by means of Simplex 'C' polymer' after reaming the intramedullary canal for about five inches. Simplex 'C' polymer differs from the normal Simplex 'P" in that there is no amorphous constituent in the polymer, thus the polymermonomer mix has a longer liquid phase and can be poured into the marrow cavity. Such a procedure overcomes the need to handle the polymer and thus reduces the risk of infection. The curing time of the polymer is ten to fifteen minutes, depending on the room temperature. To insert the total hip replacement certain special tools have been designed. From April 1963 to January 1966 12 total hip replacements have been inserted for osteoarthritis and 2, by Mr H Jackson Burrows, for osteoclastoma of the upper end of the femur. None of these devices has been removed; there has been no infection and the clinical condition of the patients has remained satisfactory.
Control of Wear in

Joint Prostheses
Of the many factors influencing the design and development of prosthetic joints perhaps one of the most significant is that of wear. In any operation involving the movement of one surface on another, whether these surfaces are living or not, the factor of wear has a profound effect on how long the device will last and how well it will work.
The size of prostheses is limited by the space available for implantation. This affects the contact 'Made by North Hill Plastics Limited, London, N16 pressures, rate of relative movement and the frictional resistance between the joint surfaces. Only the design and materials used remain as variables and controlling factors over the rate of wear. Similar metals must be used for the bearing surfaces, otherwise problems of electrolytic corrosion may occur. So far plastic materials have had severe limitations.
No matter how well finished bearing surfaces may appear to the naked eye, they are, in fact, made up of microscopic mountains and valleys. Fig 5 shows in a highly magnified form the conformation of a polished surface typical of that on an Eicher femoral head. Although congruent surfaces cannot be used there is an optimum clearance between the surfaces at which the bearing is most efficient.
In view of the high contact pressures involved metals were considered to be more suitable than plastics. The materials chosen for first consideration were titanium 160,2 stainless steel En58J and cast cobalt-chromium alloy (Vinertia3). Although certain biological and mechanical properties of these materials are known, no data were available concerning friction, wear resistance and the type of debris produced when these metals were used as bearings under dry conditions or with saline or blood plasma.
In order to evaluate the performance of materials and designs for the Stanmore total hip replacement, it was necessary to devise a method that would simulate as closely as possible the mechanical conditions which would be expected in a hip-joint. The simulator designed is shown in Fig 6. As the test specimens for the simulator are expensive to produce in the form of finished prostheses, it was decided to screen materials by using specimens of more simple geometry. These were tested by a pin and disc machine in which a pin of the selected metal was held under a given load against the upper surface of a rotating disc of the same metal.
Results of tests so far carried out in the pin and disc machine and the hip-joint simulator have shown good correlation.
Of the materials chosen titanium gave the worst performance in both machines. Fig 7 shows the condition of the wear track on the disc after completing the 247 psi (lb/sq.in.) test, when running in saline. In the simulator the titanium prosthesis suffered catastrophic failure almost immediately after commencement of the test. Stainless steel showed little better performance in either test apparatus. The cast cobaltchromium alloy test specimens alone proved to have any outstanding bearing characteristics both under dry conditions and when lubricated with saline or blood plasma. This test was repeated with a similar result. In this second test the load applied to the pin was then increased at specific intervals but after 190 minutes the test had to be terminated as the load limit of the machine had been reached. Fig 8 shows the condition of the wear track at the end of this second test when it was calculated that the applied pressure between the pin and disc was approximately 2,560 psi (179-98 kg/sq. cm).
A cast cobalt-chromium alloy prosthesis of the Stanmore pattern embodying the horseshoe bearing design has been operated in the hip-joint simulator for about 300,000 cycles using blood plasma as the fluid medium and the components are in excellent condition. Even taking into consideration the 'running in' period, when wear is at its highest, the total amount of wear of the surfaces has been infinitesimal and can be safely ignored.
The Stanmore total hip replacement is the subject of patent application in the UK and the USA, the rights in which are vested in the National Research Development Corporation.
